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Remarks 

Oath/Declaration. 

The Examiner has indicated that the Declaration is defective on the grounds that (i) it does 
not identify the mailing address of each inventor and (ii) it does not identify the U.S. provisional 
application to which priority is claimed. Applicants submit that the information missing in the 
Declaration is not necessary for further consideration of the claims and therefore, in accordance 
with 37 C.F.R. 1 1 1(b), Applicants hereby requests that the requirement to correct the defects be 
held in abeyance until an indication of allowable subject matter is received. 

Drawings 

The drawings are objected to because Figure 1 appears handwritten and the pictures of the 
gels in Figures 3 and 4 have poor resolution. Amended drawings that address these concerns are 
enclosed herein. 

Rejections under 35 U.S.C. S 1 12 

Claim 61 stands rejected as failing to comply with the written description requirement. 
Claim 61 has been canceled, rendering the rejection moot. 

Claims 27, 33, 103, 34, 35, 39, 45, 60, 41, 59, 61, 98-100, and 101 stand rejected as being 
indefinite on various grounds. These claims have been canceled, rendering the rejection moot 

Claim 32 stands rejected on the ground that the recitation of "proteins" lacks antecedent 
basis. Claim 32 has been amended to depend from claims 63 > 84, and claims dependent therefrom. 
Applicants submit that proper antecedent basis for "proteins" is found in claims 63 and 84, from 
which claim 32 now depends. Withdrawal of the rejection is respectfully requested. 

Claim 52 stands rejected on the ground that the recitation of components remaining in the 
modified sample" lacks antecedent basis. Claim 52 has been amended to depend from claims 63, 
84, and 85. Applicants submit that proper antecedent basis for "the proteins in the modified sample 1 
is found in claims 63 and 84, from which claim 52 now depends. Withdrawal of the rejection is 
respectfully requested. 

Claims 105-107 stand rejected on the ground that the recitation of "one or more 
immunoglobulins" renders the scope of the Markush group unclear. These claims (and claim 104) 
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have been amended to recite "immunoglobulins" to indicate that each immunoglobulin is a member 
of the Markush group. Withdrawal of the rejection is respectfully requested. 

Rejections under 35 tIS.C. g 102 

Claims 27-42, 44-62, 98-105, and 108-109 stand rejected as being anticipated by Hutchens 
& Yip (US, Pat. No. 6,225,047), hereinafter "Hutchens & Yip". With the exception of claims 32, 
52, 62, 104 and 105, all of these claims have been canceled. Claims 32, 52, 62, 104 and 105, as 
amended, are dependent on claims 63 and 84. 

Claim 63, as amended, recites a method for separating proteins from a sample that contains 
proteins and recovering a modified sample for analysis of remaining proteins comprising: removing 
at least two specific predefined proteins from a sample . ..and recovering the modified sample, 
wherein the removing step comprises contacting the sample with an affinity binding composition 
comprising: a first and second solid phase matrix contacting each other, wherein each solid phase 
matrix comprises a plurality of particles, and wherein the particles of the first and second solid 
phase matrices are present as a mixture in said affinity binding composition; a first receptor 
immobilized on said first solid phase matrix, capable of specific binding to a first protein but not a 
second protein; and a second receptor immobilized on said second solid phase matrix, capable of 
specific binding to the second protein but not the first protein. 

Claim 84, as amended, recites a method for separating proteins from a sample that contains 
proteins and recovering a modified sample for analysis of remaining proteins comprising; removing 
at least two specific predefined proteins from a sample. . .and recovering the modified sample, 
wherein the removing step comprises contacting the sample with an affinity binding composition 
comprising: a plurality of solid phase matrices arranged such that each solid phase matrix is in 
contact with at least one other solid phase matrix; and a plurality of receptors having different 
protein binding specificities, wherein the receptors are immobilized on the plurality of solid phase 
matrices such that each solid phase matrix has a different protein binding specificity, wherein each 
solid phase matrix comprises a plurality of particles, and wherein the particles are present in the 
affinity binding composition as a mixture. 

Hutchens & Yip do not teach or suggest the use of affinity binding compositions having the 
characteristics recited in claim 63 or claim 84. Hutchens & Yip teach (i) substrates that are strips, 
which may be attached to one another; and (ii) substrates that are plates having wells containing 

Page 7 of 13 Any. Docker No.: 10030634-2 

CHS No.: 2003309-0061 


PAGE 12/94 * RCVD AT 7/8/2005 2:15:04 PM [Eastern Daylight Time] * SVR:l)SPTO-EFXRMM ' DN1S;OT29306 * CSID:617 248 4000 * DURATION (mm-ss):3346 


JUL. 8.2005 2:07PM CHOATE HALL & STEWART 6172484000 


NO. 443 P. 13 


populations of beads such that the bead(s) in any single well have the same adsorbent immobilized 
thereon. The first of these embodiments does not comprise particles as recited in each of the 
amended claims. The second of these embodiments does not teach affinity binding composition 
comprising solid phase matrices "contacting each other" or "in contact" with another solid phase 
matrix, wherein the solid phase matrices comprise a plurality of particles present in a mixture, as 
recited in claims 63 and 84. Withdrawal of the rejection is respectfully requested. 

Claims 63-97 stand rejected as being anticipated by Mehta, et al, (U.S. Pat No. 6,632,655), 
hereinafter "Mehta". A number of these claims have been canceled, therefore the following 
remarks concern claim 63 and other remaining claims, as amended. The Examiner states that Mehta 
describes a method comprising the steps of removing at least two specific predefined ligands and 
recovering a modified sample comprising a plurality of remaining components wherein the 
removing step comprises contacting the sample with an affinity binding composition comprising a 
first and second solid phase matrix contacting each other, an immobilized first receptor capable of 
specific binding to a first ligand but not a second ligand and an immobilized second receptor 
capable of specific binding to a second ligand but not the first ligand. The Examiner points to 
Mehta's mention of "subtractive hydridization n as involving removal of two specific predefined 
ligands. Claim 63 has been amended to recite that the ligands and components are proteins. In 
contrast, subtractive hybridization involves mRNfA. Therefore Applicants submit that the cited 
portion of Mehta is no longer relevant. The rejection should be withdrawn for the foregoing reason 
alone. 

Furthermore, Applicants respectfully submit that even if the terms "ligands" and 
"components" had been retained in the instant claims, Mehta does not teach the claimed invention 
for each of the following additional reasons. 

Firstly, claim 63 as amended is drawn to an embodiment of the invention in which removal 
of the proteins is accomplished using an affinity binding composition comprising a mixture of 
particles, which is distinct from the particle sets taught by Mehta. The affinity binding composition 
recited in claim 63 comprises a mixture of first and second solid phase matrices contacting each 
other; a first receptor immobilized on said first solid phase matrix, capable of specific binding to a 
first protein but not a second protein; and a second receptor immobilized on said second solid phase 
matrix, capable of specific binding to the second protein but not the first protein, wherein each solid 
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phase matrix comprises a plurality of particles, and the particles are present in the affinity binding 
composition as a mixture. The amendment incorporates features of claims thai have been canceled 
(e.g., claims 72 and 79). With respect to those claims, the Examiner states that Mehta describes a 
method in which sets of particles are "homogeneous" but does not explain how this renders the 
claims anticipated. 

Applicants respectfully submit that the particle sets of Mehta are clearly distinct from those 
of claim 63. Mehta defines a "set" of particles as "a group or packet of particles having similar or 
identical constituents" (col. 7, lines 16-17). Mehta does not explain what is meant by 
"homogeneous". The ordinary meaning of the term is "of the same or similar nature or kind" (The 
American Heritage Dictionary, Second College Edition, Houghton Mifflin, Boston, 1985). The 
affinity binding composition of claim 63 comprises first and second solid phase matrices 
comprising particles that comprise different receptors and are present as a mixture. Applicants 
submit that since such an affinity binding composition contains a mixture of particles having 
different constituents it does not fall within Mehta 9 s definition of a "homogeneous particle set". 

Applicants note that Mehta also discusses "heterogeneous" sets of particles (coL 53, lines 6- 
24). The ordinary meaning of the term "heterogeneous" is "consisting of or involving dissimilar 
elements or parts" (The American Heritage Dictionary, Second College Edition, Houghton Mifflin, 
Boston, 1 985). Mehta does not explain what is meant by "heterogeneous set', particularly in view 
of the general definition of "set". Mehta does not indicate in what respect the particle sets are 
"heterogeneous", They may be heterogeneous with respect to size, shape, or composition or in the 
sense that some or all of the particles may have multiple classes of "molecular tags" attached 
thereto. Regardless of the precise meaning ascribed to "heterogeneous", Mehta 1 s heterogeneous" 
set of particles must have "similar or identical constituents", in accordance with the definition of a 
"set" of particles, which contrasts with the mixtures of particles recited in the instant claims, which 
comprise different receptors on the particles of the solid phase matrices. 

Mehta' s description is so lacking in specificity that Applicants submit that an interpretation 
of either heterogeneous" or "homogeneous" sets of particles as referring to an affinity binding 
composition comprising a mixture of first and second particulate solid phase matrices contacting 
each other; a first receptor immobilized on said first solid phase matrix, capable of specific binding 
to a first protein but not a second protein; and a second receptor immobilized on said second solid 
phase matrix, capable of specific binding to the second protein but not the first protein, is based 
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entirely on hindsight and would contradict Mehta' s own requirement for a set of particles as "a 
group or packet of particles having similar or identical constituents" 

Thus, this rejection should be withdrawn for each of the above two reasons alone. 

In addition, Mehta does not teach removal of specific, predefined ligands from a sample 
using specific, predefined receptors, followed by recovery of a modified sample. As discussed 
during the interview and indicated by Mehta, subtractive hybridization is used to identify mRNAs 
that are differentially expressed between two or more samples. Subtractive hybridization involves 
forming a sample containing a first population of mRNA species in contact with a second 
population of mRNA species, wherein the first and second populations originate from different 
sources, and recovering a modified sample comprising mRNA species from the first population that 
do not hybridize with mRNA species from the second population. Applicants submit that the 
mRNA species that are removed from the sample to form the modified sample are not "specific, 
predefined ligands", and the mRNA species that hybridize to the mRNA species that are removed 
are not "specific, predefined receptors" within any reasonable meaning of the term. Subtractive 
hybridization does not require knowing the identity (e.g., in terns of sequence or hybridization 
properties) of any mRNA species in either sample with sufficient specificity to allow selection of a 
specific, predefined receptor (e,g,, complementary mRNA) that would bind to it. 

Applicants note that Mehta discusses use of "antibody arrays" to perform 4t protein 
hybridization". However, Mehta does not teach recovering a modified sample after contacting the 
sample with the antibodies because Mehta is only interested in detecting proteins that are retained 
on the array, e.g., in order to compare expression profiles in different samples. 

Furthermore, there is no teaching in Mehta that any of the particle sets would have 
antibodies attached thereto in amounts sufficient to remove 50% by weight of all protein in a 
sample, as recited in dependent claim 32. 

Claim 84 as amended recites a method for separating proteins from a sample that contains 
proteins and recovering a modified sample for analysis of remaining components, wherein the 
removing step comprises contacting the sample with an affinity binding composition comprising: a 
plurality of solid phase matrices arranged such that each solid phase matrix is in contact with at 
least one other solid phase matrix; and a plurality of receptors having different protein binding 
specificities, wherein the receptors are immobilized on the plurality of solid phase matrices such 
that each solid phase matrix has a different protein binding specificity, wherein each solid phase 
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matrix comprises a plurality of particles, and wherein the particles are present in the affinity binding 
composition as a mixture. The amendment incorporates features from canceled claims, e.g., claim 
87, and is supported by those claims. Applicants submit that Mehta does not teach the claimed 
method for reasons similar to those recited above with respect to claim 63. Mehta simply does not 
teach an affinity binding composition comprising a mixture of a plurality of particulate solid phase 
matrices such that each solid phase matrix has a different protein binding specificity, and certainly 
does not teach use of such an affinity binding composition for removing at least two specific, 
predefined proteins from a sample. 

For each of the foregoing reasons, withdrawal of the rejection of claims 63, 84, and claims 
dependent therefrom is respectfully requested. 

Rejections under 35 U.S.C S 103fe> 

Claims 106 and 107 stand rejected under 35 U.S.C. § 103(a) as being \inpatentable over 
Mehta in view of U.S. Patent No. 5,137,808 to Ullman, hereinafter "Ullman". Hie Office Action 
states that since Ullman teaches the use of affinity binding compositions for isolating and 
characterizing blood plasma components including a number of the proteins recited in claims 104- 
107, it would have been obvious for a person of ordinary skill in the art to modify the method for 
separating ligands, as taught by Mehta, with the use of compositions specific for blood plasma 
components because Ullman discovered a convenient, on-site means for testing a variety of 
analytes. 

As set forth in MPEP §706.020), Contents of a 35 U.S.C. §103 Rejection, "To establish a 
prima facie case of obviousness, three basic criteria must be met First, there must be some 
suggestion or motivation, either in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference or to combine reference 
teachings. Second, there must be a reasonable expectation of success, Finally, the prior art 
reference (or references when combined) must teach or suggest all the claim limitations," See In re 
Vaeck, 947 F^d 488, 20 USPQ2d 1438 (Fed. Cir, 1991). Applicants respectfully submit that a 
prima facie case of obviousness has not been established, for each of the following reasons. 

Applicants first note that Ullman does not teach the use of affinity binding compositions for 
isolating and characterizing blood plasma components but simply for detecting their presence and, 
optionally, quantifying them. As discussed during the interview, and acknowledged by the 
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Examiner, the fact that Ullman teaches the desirability of detecting blood plasma components does 
not provide motivation for the removal of such components from a sample. Furthermore, the fact 
that Ullman teaches the desirability of detecting blood plasma components does not provide 
motivation for recovering a modified sample from which the components have been removed, as 
recited in the instant claims. There would simply be no reason for recovery of the modified sample. 
For this reason alone this rejection should be withdrawn. 

In addition, even if motivation to combine existed, which it does not, the combination of 
Mehta and Ullman still would not teach each of the features of the claimed invention since, as 
discussed above with reference to claim 63, (i) Mehta does not teach removing at least two specific 
predefined proteins from a sample, wherein the at least two specific predefined proteins are 
removed by binding to specific predefined receptors, each of which binds to a specific predefined 
protein; and (ii) the affinity binding composition recited in claims 63 and 84 is clearly distinct from 
the particle sets of Mehta. Mehta also does not teach removal of at least 50% by weight of all 
proteins in a sample, as in claim 32. Furthermore, Mehta certainly does not teach recovery of a 
modified sample comprising a plurality of proteins, following removal of at least two specific, 
predefined proteins. 

In summary, as discussed during the Interview and acknowledged by the Examiner, there is 
no motivation to combine the teachings of Mehta and Ullman, Additionally, even if such a 
motivation existed, the resulting combination still would not teach each of the features of the 
claimed invention. Applicants therefore submit that the instant claims are not obvious for each of 
the foregoing reasons. Withdrawal of the rejection is respectfully requested. 

Additional Claim Amendments 

Claims 104-107 have been amended to recite an additional abundant protein, namely alpha 2 
HS glycoprotein. Support is found in Table 1, on p. 25. 
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In conclusion, in view of the amendments and remarks presented herein, none of the cited 
art anticipates any of the claims pending in the instant application nor renders them obvious, and the 
application complies with the requirements of 35 U.S.C. §112, Applicants therefore respectfully 
submit that the present case is in condition for allowance. A Notice to that effect is respectfully 
requested. 

If, at any time, it appears that a phone discussion would be helpful, the undersigned would 
greatly appreciate the opportunity to discuss such issues at the Examiner's convenience. The 
undersigned can be contacted at (617) 248-5000 or (617) 248-5071 (direct dial). 

Please charge any fees associated with this filing, or apply any credits, to Deposit Account 
No. 50-1078. 


Respectfully submitted, 


~rYt«^-ll4,J.,-. 

Monica R. Gerber, M.D., PhD. 
Registration Number 46,724 


Date: July 8, 2005 

Choate, Hall & Stewart, LLP 

Exchange Place 

53 State Street 

Boston, MA 02109 

Phone: (617) 248-5000 (x-5071) 

Fax: (617) 248-4000 

3954206 I.DOC 


New Address as of July 25, 2005 

Two International Place 

Boston, MA 02110 

Vhon cy fax & email will not charge. 
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ATTORNEY DOCKET NO.: 10030634-2 (CHS No.: 2003309-0061) 


IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


Applicant: 
Serial No.: 


Pieper, et al 
09/977,358 


Examiner: Venci, D J. 
Art Unit: 1541 


Filing Date: October 1 6, 2001 

Title: TMMUNOSUBTRACTION METHOD FOR SAMPLE 
PREPARATION FOR 2-DGE 
BY FACSIMILE TRANSMISSION 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 


Pursuant to the duty of disclosure under 37 C.F.R. §§1.56, 1.97 and 1.98, Applicant 
requests consideration of this Information Disclosure Statement. 
Type of Statement 

The present Information Disclosure Statement is: 

[ ] An original Information Disclosure Statement; or 

[X] A supplemental Information Disclosure Statement. 
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Compliance with 37 CFR S 1 .97 

The present Information Disclosure Statement is being filed: 

[X] Pursuant to 37 CFR § 1 -97(b); no fee or certification is required: 

[ ] Within three months of the filing date of a national application other than 

a continued prosecution application under § 1.53(d); 
[ ] Within three months of the date of entry of the national stage as set forth 

in § 1.491 in an international application; 
[ ] Before the mailing of a first Office action on the merits; or 
[X] Before the mailing of a first Office action after the filing of a request for 
continued examination under § 1.114. 
[ ] Pursuant to 37 CFR § 1 .97(c) after the dates listed above but before the mailing 
date of any of a final action under § 1.113, a notice of allowance under § 1.311, or 
an action that otherwise closes prosecution in the application; Applicant hereby 
either, 

[ ] Certifies that either. 

[ ] each item of information contained in the information disclosure 
statement was first cited in any communication from a foreign 
patent office in a counterpart foreign application not more than 
three months prior to the filing of the information disclosure 
statement; or 

[ ] That no item of information contained in the information 

disclosure statement was cited in a communication from a foreign 
patent office in a counterpart foreign application, and, to the 
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knowledge of the person signing the certification after making 

reasonable inquiry, no item of information contained in the 

information disclosure statement was known to any individual 

designated in § 1 .56(c) more than three months prior to the filing of 

the information disclosure statement.; or 

[ ] Includes herewith the fee set forth in § 1 .17{p), Please charge Deposit 
Account No. 50-1078. 

[ ] Pursuant to 37 CFR § 1 .97(d), after the mailing date of any final action under 
§ 1.113, a notice of allowance under § 1.311, or an action that otherwise closes 
prosecution in the application; Applicant hereby both: 
[ ] Certifies that either: 

[ ] each item of information contained in the information disclosure 
statement was first cited in any communication from a foreign 
patent office in a counterpart foreign application not more than 
three months prior to the filing of the information disclosure 
statement; or 

[ ] That no item of information contained in the information 

disclosure statement was cited in a communication from a foreign 
patent office in a counterpart foreign application, and, to the 
knowledge of the person signing the certification after making 
reasonable inquiry, no item of information contained in the 
information disclosure statement was known to any individual 
designated in § 1.56(c) more than three months prior to the filing of 
the information disclosure statement.; and 
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[ ] Includes herewith the fee set forth in § 1 >17(p). 

Content of the Information Disclosure, Statement 

Applicant hereby makes of record in the above-identified application the reference^) 
listed on the attached form PTO-1449 (modified). The order of presentation of the references 
should not be construed as an indication of the importance of the references. 
Applicant includes copies of references as indicated below: 
[X] A copy of each cited reference not indicated with an asterisk is included; 

[ ] Copies of references indicated with an asterisk on the attached form PTO- 1 449 
are not included pursuant to 37 CFR § L98(d) because they were previously 
provided to the United States Patent Office in an Infoiraation Disclosure 
Statement that complies with 37 CFR § 1.98(a)-(c) and was submitted in the 
following patent application that is relied upon in the present case for an earlier 
effective filing date under 35 USC § 120: 


Serial Number 

Filing Date 

Status 





[ ] Copies of English translations of one or more non-English references are 
included 

Applicant hereby makes the following additional information of record in the above- 
identified application: 

Applicant certifies that the Information Disclosure Statement either: 
[X] Does not contain non-English language citations; 

[ ] Does contain non-English language citations, of which the following is a concise 
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explanation: 

[ ] Includes one or more translations of a non-English citation. 
Remarks 

The submission of this Information Disclosure Statement should not be construed as a 
representation that a search has been made. 

The submission of this Information Disclosure Statement shall not be construed to be an 
admission that the information cited in the statement is, or is considered to be, material to 
patentability as defined in § 1 .56(b) . 

The submission of this Information Disclosure Statement shall not be construed as a 
representation that the information cited in the Statement is, or is considered to be, in fact, prior 
art as defined by 35 U.S.C §102. 

It is respectfully requested that: 

1 . The Examiner consider completely the cited information, along with any other 
information, in reaching a detennination concerning the patentability of the present claims; 

2. The enclosed form PT01449 be signed by the Examiner to evidence that the 
cited patent(s) and publication^) has (have) been fully considered by the Patent and Trademark 
Office during the examination of this application; and 

3. The citations for the patent(s) and publications) be printed on any patent which 
issues from this application. 


Page 5 of 6 


PAGE 27/94 ' RCVD AT 7/8/2005 2:15:04 PM [Hasten Daylight Time] * SVR:USPT0-EFXRF<1/4 1 DNIS:8729306 * CSID:617 248 4000 1 DURATION (mnws):3346 


JUL 8.2005 2:10PM 


CHOATE HALL & STEWART 6172484000 


NO. 443 


P. 28 


Notwithstanding any statements by Applicants, the Examiner is urged to form his or her 
own conclusions regarding the relevance of the cited references). 


CHOATE, HALL & STEWART, LLP 
Exchange Place 
S3 State Street 

Boston, Massachusetts 02109 
(617) 248-5000 
(617)248-4000 

3832800 


Respectfully submitted, 




Monica R. Gerber, M.D., Ph.D. 
Reg. No.: 46,724 
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METHOD FOR DETECTING A LOW ABUNDANCE 
PROTEIN IN A TEST SAMPLE 

1 TECHNICAL FIELD 

2 The present invention relates generally to methods of protein analysis and, in 

3 particular, to methods for detecting low abundance proteins in a test sample. 

4 BACKGROUND OF THE INVENTION 

5 Protein analysis is widely used in diagnostic^ medical, environmental, and 

6 industrial applications. Various analytical methods have been developed to separate and 

7 identify the proteins of interest in a test sample. Commonly used methods include gel 

8 electrophoresis, chromatography, mass spectroscopy, ELISA, imrnunopretipitation, and 

9 Western blot. Generally, the proteins of interest are separated from other proteins in the 

1 0 test sample based on their physical properties (e.g., molecular weight, size, charge, and 

1 1 hydrophobicity) and/or immunological characteristics (e.g., immune-specific binding to 

12 antibodies). One common problem, however, is that the proteins of interest are often 

13 present at low levels in the test sample. The separation and identification of these low 

14 abundance proteins (LAPs) may be seriously affected by the background interference 

1 5 from the high abundance proteins (HAPs) in the test sample. For example, albumin and 

16 immunoglobulins are quite prevalent in serum samples and often interfere with the 

17 analysis of other semm proteins such as growth hormone or lymphokines. In order to 

18 enhance the accuracy of protein analysis of LAPs, it is desirable to diminish or 
L9 completely remove the contribution of the background interference from the HAPs in the 

20 test sample. 

2 1 One strategy to avoid HAP interference is to selectively remove the HAPs from 

22 the test sample using either non-specific means such as salt-precipitation* or specific 

23 means such as immuno-absorption. A major problem, however, is that many LAPs are 

24 associated with the HAPs through non-covalent interactions, such as ionic interactions, 

25 van der Waals interactions, hydrogen bonds, and hydrophobic interactions. Because these 

26 LAPs are physically bound to the HAPs, removal of the HAPs would aJso lead to the 

27 removal of the LAPs. The depletion of HAP-bound LAPs affects the accuracy of the 

28 protein analysis of LAPs in the test sample. 

29 SUMMARY OF THE INVENTION 

30 The present invention discloses a novel procedure of removing HAPs from a test 

31 sample without the concurrent removal of HAP-bound LAPs. The procedure therefore 
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1 allows the accurate detection of LAPs without the interference from the HAPs in the test 

2 sample. Specifically, the present invention provides methods for detecting LAPs in a test 

3 sample by treating the tesi sample with a proteolytic agent to release HAP-bound LAPs 

4 from the HAPs by fragmenting both HAPs and LAPs, removing the HAP fragments from 

5 the test sample, analyzing the LAP fragments, and identifying the LAPs in the test sample 

6 based on the characteristics of the LAP fragments. The present invention is mosr useful 

7 for the identification of LAPs that are bound to the HAPs in the test sample and are 

8 otherwise hard to separate from the HAPs. 

9 In one embodiment, the present invention provides a method for detecting LAPs 
10 by treating the test sample with a proteolytic agent to fragment proteins. Typically, both 
Jl the HAPs and LAPs in the test sample are degraded by the proteolytic agent. The 

12 degradation process disrupts the protein-protein interaction between LAP fragments and 

13 HAP fragments, and results in the release of the LAP fragments from the HAP fragments. 

14 The HAP fragments are removed from the sample. The unbound, LAP fragments are 

15 analyzed without the interference from the HAP fragments. The LAPs in the test sample 

1 6 are then identified based on the characteristics of the LAP fragments. 

17 In another embodiment, the present invention provides a method for detecting 

18 LAPs by first isolating intact HAPs from the test sample. The HAPs, together with the 

19 LAPs that are bound to them, are then fragmented with a proteolytic agent. The 

20 fragmentation process generates both HAP and LAP fragments, disrupts protein-protein 

21 interactions between the HAP fragments and the LAP fragments, and releases the LAP 

22 fragments from the HAP fragments. The HAP fragments are removed from the reaction 

23 mixture and the unbound, LAP fragments are then analyzed without the interference of 

24 the HAPs. The LAPs that were bound to the isolated HAPs are identified based on the 

25 characteristics of the LAP fragments. In this embodiment, LAPs that do not bind to the 

26 HAPs are left in the test sample and are identified after the removal of HAPs using 

27 traditional methods. 

28 Another aspect of the present invention pertains to a protein assay kit containing a 

29 proteolytic agent to fragment proteins for the disruption of associations between the LAPs 

30 and HAPs in a test sample, and a binding material or materials that bind specifically to 

31 the HAP fragments generated by the proteolysis of the HAPs with the proteolytic agent. 

32 Preferably, the binding material(s) is attached to a solid supporting material to facilitate 

33 the separation of the binding material(s) and the HAP fragments bound to them from 

34 other peptides in the test sample. 
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1 Other aspects of the invention will become apparent to the skilled artisan by the 

2 ' following description of the invention. 

3 BRIEF DESCRIPTION OF THE DRAWINGS 

4 The invention of this application is better understood in conjunction with the 

5 following drawings, in which: 

6 Figure 1 is a flow chart describing an embodiment of the protein assay method of 

7 the present invention, 

8 Figure 2 is a flow chart describing another embodiment of the protein assay 

9 method of the present invention. 

10 DETAILED DESCRIPTION OF THE INVENTION 

1 1 The following detailed description is presented to enable any person skilled in the 


12 art to make and use the invention. For purposes of explanation, specific nomenclature is 

13 set forth to provide a thorough understanding of the present invention. However, it will 

14 be apparent to one skilled in the art that these specific details are not required to practice 

15 the invention. Descriptions of specific applications are provided only as representative 

16 examples. Various modifications to the preferred embodiments will be readily apparent 

17 to one skilled in the art, and the general principles defined herein may be applied to other 

18 embodiments and applications without departing from the scope of die invention. The 

19 present invention is not intended to be limited to the embodiments shown, but is to be 

20 accorded the widest possible scope consistent with the principles and features disclosed 


21 herein. 

22 The present invention is. generally directed to methods of protein analysis and, in 

23 particular, to the identification and/or quantification of LAPs in a test sample. The 

24 present invention overcomes the problem of background interference from HAPs by 

25 digesting both LAPs and HAPs with a proteolytic agent, and removing the resulting HAP 

26 fragments prior to the analysis of the LAP fragments. 

27 With reference now to FIGURES 1 and 2, various embodiments of the protein 

28 assay method of the present invention will be described. As will be described in more 

29 detail below, the protein assay method may be used for the identification and/or 

30 quantification of any protein of interest in a test sample. 

31 FIGURE 1 shows one embodiment of the protein assay method of the present 

32 invention, which is generally designated by the reference number tOO. The first step in 

33 the method 100 is to add a proteolytic agent to a test sample (step 101). The test sample 

34 is then incubated under conditions that allow the degradation of proteins in the test 
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1 sample (step 103). Typically, both HAPs and LAPs are fragmented by the proteolytic 

2 agent in step 105. The fragmentation process disrupts the protein-protein interaction 

3 between HAPs and LAPs and releases the LAPs (most likely LAP fragments after the 

4 proteolysis) from the HAPs thai they associated with before the proteolysis. The HAP 

5 fragments (and any undigested HAPs) are then removed from the test sample (step 105) 

6 and the LAP fragments are analyzed without the interference from HAPs (step 107). The 

7 LAPs in the test sample are then identified (step 109) based on the characteristics of the 

8 LAP fragments analyzed in step 107, 

9 The test sample includes, but is not limited to, biological, physiological, industrial, 

1 0 environmental, and other types of samples. Of particular interest are biological fluids such 

1 1 as serum, plasma, urine, cerebrospinal fluid, saliva, milk, broth, cell lysates, and other 

12 culture media and supematants, as well as fractions of any of thera. The test sample may 

13 also be a particular fraction of one of these samples with fractionation accomplished by 

14 one or more known methods including, but not limited to, filtration, chromatography, 

15 electrophoretic methods, or aiEniry methods. Physiological fluids of interest include 

16 infusion solutions, buffers, preservative or antimicrobial solutions and the like. Industrial 

17 liquids include fermentation media and other processing liquids used, for example, in the 

18 manufacture of pharmaceuticals, dairy products and malt beverages. Other sources of 

19 sample fluid which are tested by conventional methods are contemplated as within the 

20 meaning of this term as used and can, likewise, be assayed in accordance with the 

21 invention. 

22 A protein is considered a high abundance protein (HAP), if it constitutes more 

23 than J % by weight of total protein in a test sample. The HAPs may also be defined 

24 arbitrarily relative to a low abundance protein (LAP> or proteins. For example, in a test 

25 sample containing multiple proteins, a protein may be present in an amount that is 

26 significantly greater than the amount of another protein in the same sample. Generally, if 

27 a first protein is present in an amount that is at least three-fold of a second protein in the 

28 same sample, the first protein may be considered an HAP relative to the second protein, 

29 while the second protein may be considered an LAP relative to the first protein. In this 

30 scenario, it is possible that, in some cases, the first protein (the HAP) may amount to less 

31 than 1% of the total protein in the sample. For example, protein A amounts to 0.5% of 

32 the total protein and protein B amounts to 0.1% of the total protein in a sample. Protein A 

33 may be considered an HAP relative to protein B, althought protein A constitutes less fo«n 

34 1% of the total protein in the sample. It is also possible that, in some other cases, the 
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1 second protein (the LAP) may amount to more than 1% of the total protein in the sample. 

2 For example, protein A amounts to 10% of the total protein and protein B amounts to 2% 

3 of the total protein in a sample. Protein B may be considered an LAP relative to protein 

4 A, althought protein B constitutes more than 1% of the total protein in the sample. 

5 The proteolytic agent can be any agent that is capable of digesting the H APs and 

6 releasing the HAP-bound LAPs from the HAPs. The proteolytic agent may be a protease, 

7 such as trypsin, or a mixture of proteases that hydrolyze a peptide bond between a pair of 

8 amino acids located in a polypeptide chain. The proteolytic agent may also be a chemical 

9 agent, such as cyanogen bromide (CNBr), which cleaves a peptide only on methionine 

1 0 residues, or a mixture of chemical agents. Many references list proteolytic agents and 

1 1 describe their use (for example, see Current Protocols in Protein Science, John E- 

12 Coligan, Ben M. Dunn, David W. Speicher, Paul T. Wingfield, eds. John Wiley & Sons, 

13 Inc. 1995-2001). 

14 It should be noted that a typical test sample may contain hundreds of proteins and 

1 5 each protein may generate 1 0 to 50 fragments depending on the size of the protein and the 

16 proteolytic agent A majority of the fragments are derived from the HAPs in the test 

17 sample. Therefore ) it is necessary to remove the HAP fragments (step 105) before the 

18 characterization of the protein fragments derived from the LAPs. The removal need not 

19 to be 100%, but only to an extent that the remaining HAP fragments do not interfere with 

20 the characterization of the LAP fragments in the test sample. Accordingly, the 

21 completeness of the HAP removal in step 105 will be tailored to suit the characteristics of 

22 the particular assay system to be employed in step 107. 

23 The removal of the HAP fragments (and any undigested HAP proteins) may be 

24 accomplished using conventional protean/peptide separation methods, which include, but 

25 are not limited to, chemical methods such as salt precipitation, physical methods such as 

26 chromatography, dialysis and filtration, and immunological methods such as affinity 

27 column and immunoprecipitaiion. Preferably, the HAP fragments and undigested HAPs 

28 are removed by methods based on HAP-speeific immune-absorption. For example, anti- 

29 HAP antibodies may be attached to a solid supporting material, incubated with the 

30 digested test sample to allow binding of the HAP fragments to the antibodies, and 

31 removed from the test sample with the bound HAP fragments. The solid supporting 

32 material can take on a multitude of forms, such as beads, membrane, or the interior 

33 surface of a tube, vessel, or container. The solid supporting material can be mono- or 

34 multi-phasic, comprising one or more appropriate materials or mediums of similar or 
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1 different absorptive or other physical characteristics. The solid supporting material can 

2 be hydrophobic or hydrophilic, bibulous or nonporous. In its most efficient embodiment, 

3 the solid supporting material is carefully Tailored to suit the characteristics of the 

4 particular assay system to be employed in step 107. Methods for coating a solid 

5 supporting material with antibodies are well known in the art. 

6 Preferably, the anti-HAP antibodies are polyclonal antibodies or a mixture of 

7 monoclonal antibodies directed to different HAPs and different fragments of the same 

8 HAP, so that the antibody-coated beads or other surfaces are capable of capturing a 

9 majority of HAP fragments and remove them from the test sample in step 105. Because 

10 different proteolytic agents result in different protein fragments, different anti-HAP 

1 1 fragment antibodies will be required for each proteolytic agent used. 

12 The LAP . fragments in the test sample are then analyzed in step 107. The removal 

13 of the HAP fragments and undigested HAPs in step 105 should significantly reduce the 

14 HAP interference during the sample analysis. Typically, the LAP fragments in the 

15 digested test sample are separated and characterized using conventional peptide assay 

16 methods, which include, but are not limited to, chromatography, high performance liquid 

17 chromatography, mass spectrometry, and Edman degradation. A preferred method is 

18 mass spectrometry. Again, many references exist on these techniques. Examples are 

19 High Resolution Separation and Analysis of Biological Macromolecules, Part A 

20 Fundamentals, Barry L. Karger and William S. Hancock, eds. in Methods in Enzymology, 

21 Vol. 270, Academic Press, San Diego, CA, 1996; High Resolution Separation and 

22 AnaJysis of Biological Macromolecules, Part B Applications, Barry L. Karger and 

23 William S. Hancock, eds, in Methods in Enzymology, Vol. 271, Academic Press, San 

24 Diego, CA, 1996; Mass Spectrometry of Proteins and Peptides, John R. Chapman, Ed., 

25 Humana Press, Totowa, N.J., 2000; and Current Protocols in Protein Science, John E. 

26 Coligan, Ben M. Dunn, David W. Speicher, Paul T. Wingfield, eds. John Wiley & Sons, 

27 Inc. 1995-2001. 

28 Depending on the assay method, analysis of the LAP fragments in step 107 can 

29 be qualitative and/or quantitative. After the analysis of the LAP fragments, the identity of 

30 the LAPs in the test sample is determined based on the characteristics of the LAP 

31 fragments. For example, if the ammo acid sequence of an LAP fragment has been 

32 determined in step 107, the corresponding LAP can be identified by performing a search 

33 in protein databases such as GenBank and Swiss-Prot. Similarly, protein identification 

34 may also be based on other characteristics of an LAP fragment, such as the size, electrical 
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1 charge, secondary structure, and hydrophobicity of the LAP fragment. It is conceivable 

2 that a customized protein database may be constructed for the identification of LAPs 

3 using peptide characteristics determined in step 107 of the assay method 1 00. If the LAP 

4 fragrnenxs are quantified in step 107, it is also possible to quantify the corresponding 

5 LAPs since the amount of an LAP is proportional to the amount of the LAP fragments 

6 derived from the LAP, 

7 FIGURE 2 shows another protein assay method of the present invention, which is 

8 generally designated by the reference number 200. In the method 200, the HAPs, 

9 together with any bound LAPs, are isolated from die test sample (step 201). A proteolytic 

10 agent is added to the isolated HAPs to form a reaction mixture (step 203). The reaction 

1 1 mixture is incubated under conditions that allow the fragmentation of the isolated HAPs 

12 and the HAP-bound LAPs (step 205). During the fragmentation process, the proteolytic 

13 agent degrades both the HAPs and the HAP-bound LAPs, and releases the LAPs 

14 fragments from the HAP fragments. In the next step, the HAP fragments are removed 

15 from the reaction mixture (step 207). The LAP fragments in the reaction mixture arc then 

16 analyzed (step 209) and the identity of the HAP-bound LAPs are determined based on the 

17 characteristics of the LAP fragments (step 21 1). In a parallel step, the HAP-depleted test 

18 sample is also analyzed for the LAPs that do not bind to the HAPs (step 213). 

19 In step 201 s the undigested HAPs are preferably separated from the other proteins 

20 in the test sample using an immune-absorption based method, such as affinity 

21 chromatography or immunoprecipitation. Once separation has occurred, the HAPs are 

22 released from the immune-absorption material. Similar to assay method 100, the 

23 proteolytic agent in step 203 is chosen based on the characteristics of the isolated HAPs, 

24 and the incubation conditions in step 205 are determined based on the particular 

25 proteolytic agent used in the reaction. Optimal reaction conditions for each protease or 

26 chemical proteolytic agent are well-known in the art. 

27 The HAP fragments can be removed from the reaction mixture using conventional 

28 chemical, physical and immunological protein separation methods. Preferred separation 

29 methods include affinity chromatography, immunoprecipitation, and immune-absorption 

30 on a membrane or a solid surface. After the removal of the HAP fragments, the LAP 

31 fragments in the reaction mixture can be analyzed and the corresponding LAPs can be 

32 identified as described in assay method 100. 

33 It should be noted that not all LAPs in the test sample are bound to the HAPs and 

34 co-isolaxed with the HAPs. Therefore, some LAPs are left in the test sample after the 
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3 removal of the HAPs in $tep 201, Accordingly, the HAP-depleted test sample is also 

2 analyzed for non-HAP-bound LAPs in step 213. This analysis may involve the 

3 fragmentation of the non-HAP-bound LAPs by a proteolytic agent, the characterization of 

4 LAP fragments, and the identification of the LAPs based on the characteristics of the 

5 LAP fragments. 

6 As understood by one skilled in the art, the methods of the present invention are 

7 most useful in detecting LAPs or LAP profiles in test samples when the identity of the 

8 LAPs are unknown before the analysis. However, it is also conceivable that the methods 

9 of the present invention can be used to quantify a known LAP or LAPs without the 

10 interference from the HAPs in the same test sample. Specifically, the methods of the 

1 1 present invention may be used to more accurately quantify a known LAP that binds to 

12 HAPs in a test sample. In this scenario, the LAP(s) of interest can be released from the 

13 HAPs by proteolysis, the amount of one of the free, unbound LAP fragments may be 

14 determined by an immune-absorption based method such as ELiSA or RIA. The amount 

15 of the LAP of interest can then be inferred from the amount of the proteolytic fragment 

16 derived from the LAP of interest. Preferably, the HAP fragments resulting from the 

17 proteolysis are removed prior to the quantification of LAP fragments to reduce 
1 3 interference from the HAP fragments. 

19 Another aspect of the present invention pertains to a detection kit ft>T LAPs. The 

20 protein assay kit contains a proteolytic agent to fragment proteins in a test sample for the 

21 disruption of associations between the LAPs and HAPs in the test sample, and a binding 

22 material or materials that bind specifically to the HAP fragments generated by the 

23 proteolysis of the HAPs with the proteolytic agent. Preferably, the binding rnaterial(s) is 

24 attached to a solid supporting material to facilitate the separation of the binding 

25 material(s) and the peptides bound to them from other proteixis/peptides in the test 

26 sample. 

27 The preferred embodiments of novel methods for analyzing LAPs in a test sample 

28 are intended to be illustrative and not limiting- It should be understood that modifications 
2$ and variations can be made by persons skilled in the art in light of the above teachings. 

30 Therefore, changes may be made in the particular embodiments disclosed which are 

3 1 within the scope of what is described as defined by the appended claims. 
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! What is claimed is: 

2 1. A method for identifying a low abundance protein in a sample, said method 

3 comprising the steps of: 

4 (a) supplying a sample having a low abundance protein physically bound to a high 

5 abundance protein; 

6 (b) treating the proteins with a proteolytic agent to generate proteolytic fragments 

7 from [he proteins; 

8 (c) removing proteolytic fragments of the high abundance protein from the 

9 sample; and 

10 (d) identifying the low abundance protein using the proteolytic fragments 

1 1 therefrom. 

1 2 2. The method of claim 1 F wherein step (d) comprises: 

1 3 characterizing the proteolytic fragments of the low abundance protein; and 

14 identifying the low abundance protein using the characteristics of the proteolytic 

15 fragments therefrom. 

16 3. The method of claim 2, wherein the proteolytic fragments of the low abundance 

17 protein are characterized using a method selected from the group consisting of 
1$ chromatograpy, high performance liquid chromatography, electrophoresis, mass 

1 9 spectrometry, and Edman degradation. 

20 4. The method of claim 3, wherein the proteolytic fragments of the low abundance 

21 protein are characterized using mass spectrometry. 

22 5. The method of claim 1, wherein the proteolytic agent is a protease or a mixture of 

23 proteases. 

24 6. The method of claim 5, wherein the proteolytic agent is trypsin. 

25 7. The method of claim 1, wherein the proteolytic agent is a chemical agent or a 

26 mixture of chemical agents. 

27 8. The method of claim 7, wherein the proteolytic agent is cyanogen bromide, 

28 9. The method of claim 1, wherein the proteolytic fragments of the high abundance 

29 protein are removed using an immune-absorption method. 

30 10. A method for identifying low abundance proteins la a sample, said method 

3 1 comprising the steps of: 

32 (a) supplying a sample having low abundance proteins physically bound to high 

33 abundance proteins; 

1 0021 053- ! 9 
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1 (b) isolating the high abundance proteins and the low abundant proteins bound 

2 thereto from the sample; 

3 (c) treating the isolated proteins with a proteolytic agent to generate proteolytic 

4 fragments from the isolated proteins; 

5 (d) removing proteolytic fragments of the high abundance proteins; and 

6 (e) identifying the low abundance proteins using the proteolytic fragments 

7 therefrom. 

8 11. The method of claim 10, wherein step (e) comprises: 

9 characterizing the proteolytic fragments of the low abundance proteins; and 

10 identifying the low abundance proteins using the characteristics of the proteolytic 

1 1 fragments therefrom. 

12 12. The method of claim 1 1, wherein the proteolytic fragments of the low abundance 

13 proteins are characterized using a method selected from the group consisting of two- 

14 dimentional gel electrophoresis, high performance liquid chromatography, 

1 5 electrophoresis, column chromatograpy, mass spectrometry, and Edraan degradation 

16 13. The method of claim 12, wherein the proteolytic fragments of the low abundance 

1 7 proteins are characterized using mass spectrometry. 

18 14. The method of claim 10, wherein the high abundance proteins are isolated using 

1 9 an immune-absorption method. 

20 IS. The method of claim 10, further comprising the step of; 

21 identifying low abundance proteins remained in the sample after the isolation of 

22 the high abundance proteins, 

23 16. The method of claim 15, wherein the low abundance proteins remained in the 

24 sample after the isolation of the high abundance proteins are identified by a method 

25 comprising the steps of: 

26 treating said sample after the isolation of the high abundance proteins with a 
2? proteolytic agent to generate proteolytic fragments from the low abundance proteins; 

28 characterizing proteolytic fragments of the low abundance proteins; and 

29 identifying the low abundance proteins using the characteristics of the proteolytic 

30 fragments of the low abundance proteins. 

31 17. A method for quantifying a low abundance protein in a sample, said method 

32 comprising the steps of: 

33 supplying a sample having a low abundance protein physically bound to one or 

34 more high abundance proteins; 

10021053-1 10 
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In treating the proteins with a proteolytic agent to generate proteolytic fragments 

2 from the proteins; 

3 quantifying proteolytic fragments of the low abundance protein; and 

4 quantifying the low abundance protein based on the quantity of the proteolytic 

5 fragments therefrom, 

6 1 8. The method of claim 1 7, further comprising the step of: 

7 removing proteolytic fragments of the one or more high abundance proteins from 

8 the sample prior to the quantifaction of proteolytic fragments of the low abundance 

9 protein. 

10 19. A kit for detecting low abundance proteins in a sample, said kit comprising: 

1 1 a proteolytic agent capable of fragmenting proteins in the sample and disrupting 

12 associations between low abundance proteins and high abundance proteins in the sample; 

13 and 

14 a binding material that binds specifically to proteolytic fragments of the high 

15 abundance proteins. 

16 20. The kit of claim 19, wherein the binding material is attached to a solid supporting 

17 material to facilitate the removal of the binding material with bound proteolytic fragments 
IS of the high abundance proteins from the sample. 
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ABSTRACT 

1 The present invention discloses a novel procedure of removing high abundance 

2 proteins (HAPs) from a test sample without the concurrent removal of low abundance 

3 proteins (LAPs) that arc bound to the HAPs in the test sample. The procedure therefore 

4 allows the accurate detection of LAPs without the interference from the HAPs in the test 

5 sample. Specifically, the present invention provides methods for detecting LAPs in a test 

6 sample by treating the test sample with a proteolytic agent to release HAP-bound LAPs 

7 from the HAPs by fragmenting both HAPs and LAPs, removing the HAP fragments from 

8 the test sample, analyzing the LAP fragments* and identifying the LAPs in the test sample 

9 based on the characteristics of the LAP fragments. The present invention is most useful 

10 for the identification of LAPs that are bound to the HAPs in the test sample and are 

1 1 otherwise hard to separate from the HAPs. 
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Targeted Proteomics of Low-Level Proteins in Human Plasma by 
LC/MS": Using Human Growth Hormone as a Model System 

Shlaw-Lin Wu/ Heidi Amato, Roger Biringer, Cargi Choudhaiy, Paul Shieh, and 

William S. Hancock* 

Proteomics, ThermoFinnigast San Jose. California 95134 

fetcctetd May 29.2002 

This paper describes trie profiling of human growth hormone (hGH) in human plasma in order to assess 
the dynamic range of the ion-trap mass spectrometer for proteomie studies of complex biological 
samples. Human growth hormone is an example of a low-level plasma protein in vivo, present at sub- 
femtomole levels. This study was performed on a plasma sample in which hGH has been spiked at 
10- fold above the natural level, that is approximately 16 pgfcl of plasma. Initially, the measurement 
was carried out without any sample enrichment and consisted of the following steps: the fun set of 
plasma proteins were reduced, atKylaceo; and digested with trypsin, and the resulting peptides were 
separated on a capillary C-iS column and then detected by Ion-trap mass spectrometry 0 D LC/MS). In 
addition, this study provided a global view of the serum proteome with over 200 plasma proteins being 
preliminarily Identified. In the MS/MS analysis, hGH was detected by characterization or the first tryptic 
peptide fji). The initial identification was confirmed by alternative approaches, which also allowed the 
evaluation or different sample purification protocols. First, the plasma sample containing hGH was 
fractionated on a reversed-phase HPLC column and digested, and hGH couU now be Identified by 
MS/MS measurements of two tryptic peptides p"i and T*) by the same \ D LC/MS protocol. In addition, 
the assignment of peptide Identity was made with higher certainty (as measured by an algorithm score). 
The plasma sample was also fractionated by TO and 2D get electrophoresis, me selected bands were 
digested and analyzed again by the 1D LC/MS protocol. In both cases using the gel prepurifications, 
hGH was Identified with additional peptides. FJnalry, the plasma sample was analyzed by 2D 
chromatography (ion exchange and reversed phase) on a new instrumental platform [ProteomeX), 
and hGH was Identified by the observation of five tryptic peptides. In conclusion, these experiments 
were able to detect growth hormone in the low femtomole level with a dynamic range of 1 in 40 000 
by several independent approaches. The amount of growth hormone, while 10-fbId above normal in 
v/Vo levels, represents concentrations that may ba present in disease states (such as acromegaly) and 
also in doping control measurements. These studies have demonstrated that shotgun sequencing 
approaches (LC/MS/MS) not only can profile high-abundance proteins in complex biological fluids but 
also have the potential to Identify and quantitate low-level proteins present in such complex mixtures 
without extensive prepurification protocols. A key to such studies, however, is to use targeted 
approaches that reduce the complexity of the solute mixture that Is presented to the mass spectrometer 
at a given time point. The various sample preparation protocols described here all Improved the quality 
of the hGH measurement, although in this study the 20 chromatographic approach gave the greatest 
sequence coverage. 

Keywords: 2D LC/MS ♦ shotgun sequencing * proteomics - clinical application • human growth hormone - ion-trap 
mass spectrometry 


JUL 8.2005 2:34PM CHOATE HALL & STEWART 6172484000 


Journal of. 

research articles DF OTwOlTlC 
♦research 


Introduction 

The study of die plasma proteome is a very challenging 
exercise in that the sample contains a large number of different 
proteins, together with protdns that contain a cfivens^y of post- 
translation^ modifications, especially grycosyiarJan and phos- 
phorylation. Furthermore, plasma proteins are present over a 
Wide dynamic range from very high levels of albumin to low 
levels of hormones, regulatory and other proteins. One ap- 

1Q-1QZV0OBS37J CCC: c 2fi0z Ameriuo enteral Society 


pxoach to proteomie studies is termed shotgun sequencing, 
which may, or may not, be used In combination with lor 2D 
gel technologies. 1 -* la the shotgun sequencing approach, the 
cornpanenls of a proteomie sample are digesred a suitable 
protease and the resulting peptides are then resolved by 
chromatography and d etecte d by mass spectrometry (LC/MS/ 
MS). The chromatographic process consists of one or more 
steps that are based on different physical properties of the 

Journal of Protecme Resean± 2002. I 4S9-465 459 
PubSstad cm Wtf> 07/27/2002 


PA6£ 88/94 ' RCVD AT 7/812005 2:15:04 PM [Eastern Dayfight Time] * SVR:USPTC-EFXRF-1/4 s DNiS:8729306 * CSID:61 7 248 4000 * DURATION {mm-ss):3346 


JUL. 8.2005 2:34PM CHOATE HALL & STEWART 6172484000 


NO. 443 P. 89 


research articles 


WuctaL 



B M£/MSofbGB-Tl peptkfc 
b2 b3 b5b6 

I L 1 


V4 


M22* RT:Lft&«S AVtt NUTJtZlM 


y7 yri v.5 yd 


b2 


200 


fa3 

■4 


b5 


y5 


1 1 1 1 1 i'i i i' i j 1 1 f 1 1 



i - "> j 1 1 1 

HO t50 


Hgin 1. Tiypttc m*p of the peptides obtained from a mhrture of reduced plasma proems With an add back of k>W to vets of human 
prowtih hormone. The (^digest of the nrixtures of 1 6 fimo) of human growth Mormons (hGH) and $40 pmol or plasma proteins was 
^S^T^r^i^ ^J^n for LC^MS analysis (see the Experimental Section for details). (A) Resulting ehrttonproRle. In 
^ypoc map, the MS/MS scan at 166 min was rattened against a human database and assigned come T1 neotide corr^norvifnn 
10 hGH. (B) MS/MS fragmentation o/tneTl peptide with Idling of the major fraamcntotidn lite*. P ^ "™WClhfl 


peptides, such ^5 a combination of ion-exchange chromatog- 
raphy and rewersed-phflAc HPLC. 1 

in Oils study, a variety of different protocols C-4 RFLC I and 
2D gel electrophoresis were explored Co prefractionate the 
plasma sample containing hGH before trypsin digestion and 
teparadori by ID revGrted-phase HPLC-MS arcuysU. The 
results were compared with corresponding results from direct 
ID reversed-phase HPLC— MS analysis. In addition, a 2D 
approach (ramhinatjon of Ion exchange and RPLC) was 
performed on a new instrumental platform, FroteomeX. White 
direct analysts of a digest has the benefit of simplicity ihe use 
of both gels (ID and 2D) and the 2D HPLC approach gave a 
greater degree of sequence coverage of hGH. With sample 
prefractionatlon. trie mass spectrometer is not required to 
measure such a high degree of heterogeneity per unit or time 
and a greater number of components wiD be identified. 

The dynamic range of the shotgun sequencing approach 
using ion-trap mass spectrometry was explored by not remov- 
ing high-level plasma proteins torn the plasma sample before 
trypsin digestion. In addition, the results could be related 10 
the concentration of a low-level plasma protein, namely hGH. 

Methods 

Sample Preparation. A plasma sample (ryophffized, Sigma. 
20 ^g/fi) and hGH (0.6 ng/^ were reduced by DTT (dlthlo- 
threitoJ, Sigma) and alkylated wtib lodoacetic acid (1 M in 
NaOH solution, Sigma). As shown In Figure 1, 1000 of 
sample was loaded onto a column (Vydac C-4. Z.I mm Ld x 
15 cm) and aluted Cram the column pn approximately 2 mL of * 
TEA. trifluoroacetic acicVacefonitrlie solvent), and the sample' 
was dried down and reconstituted with trypsin-digestion 
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buffer (bl I mL of 0.1 M ammonium bicarbonate solution). The 
fractions from the RPLC chromatography were treated with 
trypsin (150 w/w) at room temperature for 12 h. To ensure 
complete digestion, another aliquot of trypsin (Promega, 
concentration, of 1 ^g/ ^1, 1:50, wAv) was added, end the 
digestion was continued for a total of 24 b. 

In each of the sample preparation studies, the amount/ 
concentration of growth hormone used in the experiment was 
adjusted to allow Ibr experimental variables sueh as degree of 
dilution, frtfectkxn volume, etc so that the amount of hCH 
analyzed was consistent with the concentration described in 
the abstract, namely 16 pg/^L of plasma, 

HPLC and Mass Spectrometry Mea&ureaients._The HPLC 
separation was performed on a Surveyor LC system (Ihermo- 
Flnnigan, San lose. CA). The flow rate was maintained at ISO 
jdJntoi before splitting and at 1 .5 juVmin after the flow split. 
The gracSent was started at 2% AcCN dissolved in 0.1% formic 
acid for 3 nan ramped to 60% AcCN in ISO min, and enauy 
ramped to 80% AcCN for another 20 min. An aliquot (5/iL) of 
the sample solution Gn a 4 0 sample loop) was injected from 
the autosampler (using the no-waste mode) onto a C-lfi 
capillary column (Blobasic C-lg, Thermo Xe^tone-Hypersil, 
180 ptn. x 10 cm), which was connected to an ion source 
chamber (orthogonal) with a sheath gas flow at 3 units for MS 
analysis. The temperature of the Ion transfer tube was set at 
140 *C. The spray voltage was sex at 18 kV. and the normalized 
collision energies were set at 35% for MS/MS. Dynamic 
€Xdusion was used at an exclusion duration for 5 mln- Data- 
dependent ion selection was sec to trap the interesting tans 
(e^>. r hCH cryptic fragment tens) from the previous IvtS/MS 
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human seruta albumin 
fibrinogen, a chain 
tt*2 macrqgLotiuHn 
fibrinogcn-d-chaln 
fibrin ogen-^-chaln 
scpoUpoproieln A-J 
transferrin 

hapu>globulin related ptoteln 
human complement C3 
apoirpoprotein C-I 
protein phosphatase 2A, B56-y I 
protein kinase (EC 2.7.1-37) 

cdrifc -related protein 
putative gkalblastama cell 

dUTeientLa [fan-related protein 
JT VI: hypothetical prosein PROQ932 
ghtfanzate recepior. metabotronlc 5 
AF302154J SPG protein 
uansfcrrrn binding protein B; TfapB 

human £rtws4h Iwpratoita 
DNA-btndlng piotecn pAT 133 
hypothciicalprotein FU20354 


ffnptwn is burt dn ^gmi^t ^rutboSc^ea. Tte nomenclature ha* bJaSS^tf to ^Ui« L^^^|SS^^ e 2^£^f£ 
^wnii glws dtt toimbcx of pept^fea (euber dicker dLtfe** peptic) that art fSSidTthc rWL^smiete u^S^ tffl^ S^SS 

c^^^^^^h^^-^ ^ ™^ score Ib the «w 0 S£ ^^^^^^Sgt^S 

cohimn gwey the number af pepBries wHh digfen=m gwmcaoes thai are arfprf m rtm rnnHn cnique peptides 


"Hie 20 separations were performed on a. ProteomeX system, 
which comprises an auto sampler, two HFIC pumps, a JO-port 
coJuRin~5wltcaing valve, and a Deca-XP Jon- trap mass spec- 
trometer with a mlcro-electn^pray tnterfece. The lO-port valve 
allows loading of a subsequent fion-exchange fraction onto the 
second reversed-phase column while the first oaa is performing 
LC-MS/MS analysis. Tba micro elec&OSpray nnieifece cttfnprtess 
of a 30 /im metal needle that is orthogonal to the Met or the 
Ion-trap mass spectrometer. Pot the capillary separattans, a 
flow rate of 1-2 /uVmin was used, tn the first Step, a strong 
cation exchanger (BioBasic SCX, 0 32 ram x 10 cm, Thermo 
Keystone/HypersiL AUentown, PA) tsas used, and then a 
reverted-phase (BioBadc CIS. 300 A, S^m silica, ISO /on x 10 
cm. Thermo KeystoneVHypsrelJ. ABentewm. PA) capillary col- 
umn was used for the second dimension. 

BiolnfoninaxicsL The sequences or the uninterpreted CID 
spectra were identified by correlation with the peptide se- 
quences present in the rionredundant protein sequence data- 
base (OWL Version 50-3) using the SEQUEST algorithm (Version 
Cl) incorporated into (he Thermo Finnigan BlOWORKS soJU 
ware (version 3.0). 5 The SEQUEST search results were Initially 
assessed by examination of the Xcon (cross correlation) and 
ACn (delta normalized correlation) scores. The Xcorr fimcUon 
measures the sbrrilarfty between the mass-tc~charge raff os W 
£ for the fragment ions predicted from amino add sequences 
obtained from the database and the ffag^nent ions observed 
in the MS/MS spectrum. The ACn score is obtained by 
normalfeing the Xcorr values to 1.0 and observing m&dlGererTC 
between the first- and second-ranked amino *Hyf sequences.* 
Thus, the ACn score discruninates between high quality and 
noisy spectra although both may match a tbaorsrieal spectra. 
As a general rule, an Xcorr value of greater than ZJO for a doubly 
charged Ion (> 1-5 for singy charged ion) and ACn greater than 
0.1 was accepted as a positive idenotUation. 6 Manual Inspec- 
tion key spectra were pefforrned to confirm the SEQUEST 


result. BtoOTorics fcs a new version ofTurboSecjuest In which the 
three matching lectors (Sp, Xcorr. and <5Cn) are used to 
construct a onified ranking score 8 [see Table 1), A higher- 
ranWng score is generally associated with a greater probability 
for a correct assf^ment of a particuj& proiein sequence. 

XX> end 2B Gel Electrophoresis. A sample aliquot (3 ^L) 
containing hGH (15 ng/pt) and hun»n plasma. (ZOttg/pL) was 
loaded ana 14% mrnt^Laemml gal and stained «rttb CoomassSe 
dye (R350, Amersham) after electrophoresis. The gel bands 
indicated by the boxes fin figure 3 were cut oat, reduced, 
alkylated, and digested with trypsin as described above, and 
the resulting peptides were dissolved in buffer A (100 fd.) for 
IC/MS analyse. 

In a 2D gel analysis, the plasma sample (or hGH confjcO 
-was separated on a 18 cm. pH 3-10 IPC strip (linear strip, 
Am2rsham) for tn© first dimension and then on an 18 k 16 
cm. 14% cross-linked PAGE (r^rys^aniide gel electrophore- 
sis) ge] as the second dbnensiork The sample solution con- 
tained a mixture of human plasma proteins (ZOpgffil) and hGH 
0 2 rtgW. and the Standard solution contained human growth 
hormone only (0.1 /^L). As shown in the Figure 3. 80 M L of 
each was loaded onto the geL Protein spots were cut from the 
gel. reduced by DTT, sfitytatisd by iodo^ceiamMfi. and digested 
with trypsin (sea below), and the resulting peptides were 
recovered into 100 pi of solution. 

In-Cel Dlgzs&m. Protein spots/bands (1-3 mm per spot/ 
band} were cut from the gels, placed tnio Individual prewashed 
microtubeswith 100 /<L of 50^ acetonibile/0L2 M ammonium 
carbonate (pH 3J. and incubated for 30 mm at room temper- 
ature. The procedure was repeated two more times to remove 
SDS and stain. The gel plugs were broken into several smaller 
pieces using a scalpel. The gel pieces were then dehydrated by 
first adding 30-50/d. of 100% aartorutrUe. just enough to cover 
aU gel pieces. After 10 mln. the excess ace umi trite was removed 
and the gel pieces taken to dryness on a SpeedVac over 45-60 
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min. The dried gel places were rehydratedwfth a concentrated 
trypsin solution (20/jg/mL) using a volume that was equivalent 
to the volume of the original gel plug from whence they came. 
Rehydration was allowed to proceed for 20-30 rain. Al that 
point, just enough 50 mM NH<HCOs (pH 8) buffer was added 
to completely cover the gsS pieces, and the mixture *ra$ allowed 
to incubate for 12-20 h at 57 *C This incubation supernatant 
was removed and saved. Then 10% formfc add was added. Just 
enough to caver the plug, and the mixture was incubated at 
60 B C for 1 0 min and than sonicated for 1 h. This formic add 
supernatant was combined with the incubation supernatant 
(to approximate a total of 100 fil, solution). 

Results and DisciKsoon 

Figure 1A shows the UVMS profile for a human plasma 
sample that was reduced and digested with trypsin, and the 
resulting peptides were separated by an 8 'h reversed-phase 
HPLX: (RPLQ gn^eyiL Ths anal^ ' 
mat contained an add-back of human growth hormone (which 
had been reduced and trypsin digested in the same manner 
as the plasma sample). As was described previously, 7 the LC/ 
MS analyst showed good reproduclbfflry terms of protein 
identification, with lhe variability being concentrated in the 
low-level proteins. It 5s cjessr from the elutaon profile and 
subsequent MS measurement that Sonne peptides are present 
in very large amounts, wlsch are generated torn the high- 
abundance plasma proteins such as albumin^ A cone em is that, 
such major peptides wiU interfere with the defection of minor 
peptides, particularly as HPLC separations typically exhibit 
peate with some degree of fronting and fcq&ng. 0 Thus, the 
presence of growth hormone In known. Bow levels could allow 
extermination of die dynamic range of this measurement and 
assess the Importance of sample preparation. 

The approach to proteomic analysis described In this paper 
relies on programmed MS/MS fragmentation performed on 
selected ions generated from the peptide mkiure present at a 
given lime point in the RPLC separation. The resulting MS/ 
MS data sets were then matched with predicted spectra from 
genomic or proteomic databases. 1 TypfcalJy, the ions for MS/ 
MS analysis are selected on the basis of signal intensity, 
although c^her selection criteria are possible, eg, neutral toss! 
The software automatically assigns MS/MS spectra to peptide 
sequences, measures a prcbabiliiy for this assJgnrnenL axtd then 
roatchss peptides to possible protein idenifficatloTis (ID). 1 - 9 In 
the analysis of such a complex mature, a substantial rramber 
of peptides <usually 15 or more components) were present in 
each MS analysis over a given time sflce (30 s) of a typical 
chromatographic peak (1-2 mm). Three MS/MS scans were 
programmed between each MS measwement to hnprove tha 
ability of the mass spectrometer to detect tow-Ieve? peptides, 
in addition, the use or a new version of the ion-trap mass 
spectrometer (DecaXP) facilitated the characterization oflow- 
level components due to hardware modEDcaUans in the MS 
system, which resulted in Improved sensitivity. 10 

In this manner, a singte peptide was found in the plasma 
sample for human growffi hormone, which corresponded to 
the first tryptkf or N-termirial peptida fTl). In Figure 1. the 
lower profile (B) sWws the spectra of this peptide with 

the resulting b and y Bon fragments. Although a single peptide 
is being used for the protein It), the quality of MS/MS spectra 
(b and y ions, see Figure 1). fecH£tated by strong fragmentation 
on the N-terminaJ side a proline residue,'" was sufficient to 
grve a preliminary identification or human growth hormone. 
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The amount of growth hormone detected in this analysis 
represented a cfynamSc range of 1 in 40 COO and corresponded 
to the levels of growth hormone that have been observed In 
disease states such as acromegaly. 11 The circulating level of 
growth hormone is 1 0-fold lower in norms] patients, and future 
studies wfll be directed at improving the sensitivity of lhe 
analysis to a Dow irwesuremenc of normal levels of this protein. 

Table 1 shows a selected portion of the results fiom pro- 
teomic anajysb of the plasma sample. It can be noted that the 
10 most abundant proteins correspond to generally recognized 
major components of plasma, eg., albumin, fibrinogen, mic- 
roglobulin, apolipoprotein A-l and C-S, and transferrin. In 
addition, most of fee high-level proteins were present in many 
MS scans indicating high abundance. In the case of albumin, 
the protein was identified with high sequence coverage (17 
unique peptides} and fibrinogen, mscrogjobitria with 1 1 end 
9 peptides, respectively. These results demonstrate that, even 
with a complex biological sample, fctfe possible to get relatively 
h<gh sequence coverage of proteins provided thsy are present 
at significant levels. The proteins th^^presesit in much lower 
amounts are represented by (fee lower 4fct in Table 1, labeled 
proteins 221-230. The proteins sre ranged by & score' that is 
the summation of three match fectoss fSp, Xcorr, and <5Cn) and 
the probahfflry nujasuremsnts of these fectias fee the Experi- 
mental Section), ft can be rested feat each of the assignments 
of these low-level proteins ts achieved with only one scan and 
one unique peptide, and thus, such assignments must be 
considered to be prelimin^ until confirmed by other analyti- 
cal approaches. Although the MS/MS date clearly identify the 
Tl peptide of human growth hormone, only one MS/MS scan 
was obtained that spedncaHy identifl&s frGH m this highly 
complex plasma mirture. For this reason, a poor score (863) 
and low ranking order (number 228) wer« obtained for hCH 
in this chart, reflecting the reUttwery low abundance of bCH 
mu^cojiipkx protein mixture. This assignment strength^ 
anad by ths observation of otka- growib hormone peptides by 
a RPLC preiracrio nation step (see below). 

A secondary measurex^nt on the pU$ma sample containing 
hGHwasparfcrntedustrgsa^e erir£chinentonaC4revers3d- 
phsse HPLC column. As shown fri Figure 2. the majority of 
small molacules (eg., urea. diihloUiffectoI) as well as the less 
hydrophobic proteins eluted from the column in the early part 
of the elution profile at an Isocraiic step with an organic 
modifier concentration of 10% ECGtonlcrfle. A gradient of 
acetonl&ffle was then performed to eiutetrraznore hydrophobic 
proteSns, Growth hormone is known to be a relatively hydro* 
phobic protein and thus well retained on a reversed-phase 
HPiC column* which then aflowed for RFLC to be used as 
an efiect&ve sample enrichment step'Thlls Is an example of - 
targeted proieexntes where lhe sarr^puruicatkmpxotc^can 
be optlmSzed to a single protein (or group of proteins). 

Three pools were prepared, fiom fractions 1-3, 4-6, and 
7-!fc concentrated, and digested with trypsin and then analyzed 
by the ID LC/MS protocol The target analyte (bGH) was 
characterized in fractions 4-S but was nbidstected in the other 
two fractions (data not shown, see Figure 2). With the enrich- 
ment step, hCH was now detected with greater certainty as 
bolh Tl as weB the T4 peptide were characterized by MS/MS 
analysis. In addition, the peptide T4 had considerable MS/MS 
fragmentation information that further improved the quality 
of the ID from databases. In summary, more scans (the number 
of peptides) and a higher score (25235) and the ranking order 
(number 13) show the value of RPLC pre-fractionatton. An 
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fiflura r Enrichment of n€H from a trypsin digest or human plasma proteins via C-4 RPLC column (2.1 mm 14. x 75 cm) A l mi 


was 


loaded onto a p.4 reversed-jmase comma. The column was eluted as follows: buffer \ 0.1* TFA In water: buffer 8. 0 T% tfa 

pomd i and dried down as dree aliquot* Oractloa l (1-3). II (4-6), and til (7-9)) and then reconstituted with trypsln^igestion buffer 
Approximately 1 mL> and digested as described in the Experimental Section. ^ ^ 
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rJ^*L - Sampte pre^ractionation on a ID SDS-PAGE gal. The conditions am described In the Experimental Secdon, The bands 

teKen ^fin-gel d igesuon are shown by boxes, and the left-hand side * the £01 contains the MW marker that allowed call Nation of 

me gel. The WW of relevant markers are listed. Lane l contains a load of 5 M l of the control (btajma with no add-bac* of hGhft land 

L^w JI^ * an ° 2 * L toadin 9- respectively, or the plasma sample containing the hGH add-badc while »ne * contains the MW 
stanoaros. 


advantage of such a reversed-phase step is thai it is rather 
generic and can be applied to the enrichraant of any protein 
that can be recovered in good yield It should be noted 
however* that albumin fragments were not completely removed 
due to the altered chromatographic properties of the fragments 
relative to the intact protein (which was removed). One could 
assume that other sajnple purification protocols would also 


suffer from dratfar problems, due to the presence of fragments 
with altered binding properties relative lo the Intact molecule. 

A popular approach to sample fractionation is to use ID 
PAGE electrophoresis Of a biological sample and then perform 
ID analysis on ernyme digests of selected bands. Figure 
3 shows the PACE fractionation of the hGH-containtng plasma 
sample* and in-gel digestion was performed on a band with a 
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figur«4. Sample ^re^TactkwTBtJpn.on a 2D SDS-PAGE/IEF gel. 
The condition* arcdascribed In the Experimental Section The 
ban* taken ror in-gel digestion are shown by boxes* (A) 
Separation of hGH and isofbrms (B/ig loading). (B) Separation 
61 plasma proteins with an add-back of h6H (l600//g). The large 
sample caused some cfetortion of the tto?>*bundanoB proteins. 
The images of the gels were shrunk in the vertical direction to 
reduce the space requirements, and the region above 65 JcD In 
the plasma sample shows high-abundance proteins such as 
albumin. 

MW corresponding to hCH (22 kD). Fu-ure 3 also shows that 
the large amount or albumin in the sample was effectively 
removed in a large band at approximately 67 kD. Growth 
hormone was identi0ed with an improved score and ranlc. 
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number 44. relative to the unfractlonated sample, as well as 
the characterization of peptide TlO by LC/MS. Although the 
gel separation was able to achieve a substantial dean-up of 
unrelated proteins, the complexity of the sample meant that 
there are srjJI some major proteins that have eo-purifkd with 
hGH. The contaminants tnduded presumed fragments oT major 
serum proteins (albumin, ^lipoprotein A- J, complement 
factors, various tamunoglpbuilns) as weU as adventitious 
contaminants such as trypsin and keratins. 
Figure 4 shows the fractionation of a sample of hGH (part 

A) and the plasma sample contairunghGH on a 20 gel (section 

B) . The control sample showed more than one band due to 
degradatfive reactions such as deamldation and proteolysis (hat 
had occurred on sample storage.** After fractionation of the 
plasma sampfcby isoelectric focusing OEF) and SDS-PAGE, 
the area corresponding to the hGH control was digested and 
analyzed by ID LC/MS/MS. The purpose of this study was to 
compare different sample preparation protocols with I » or 2D 
HFLC separations, and thus, direct mfuslon of a sample into 
the MS (as in static nanospray) was not performed. U can be 
noted, however, that while static nanospray can give improved 
sensitivity, this approach is less suited to complex mixtures. 
In thfc analysis, hGH was identified with an improved score 
and ranting (number 4) and by the characterization of two 
|>eptfdes. X2 (position 8-16) and T4 (position 20- peptides 
(data not shovrnj. Apart from the usual (^tantinants. the LC/ 
MS/MS analysis was much less complex than the analysis of 
other sampie preparation steps as the Sequest program made 
only approximately seven other probable protein assignments. 

The results from the anarysis of the pUsma sample contain- 
ing hGH with the ZD separation provided by the ProteorneX 
are shown in Figure 5. In this analysis, the sample was 
separated into five tsocratfc salt sums (How rhrougji, so, 100, 
20Q. and 500 mM ammonium chloride) on a strong cation Ion- 
exchange column (SCX). Each fraction was than loaded on a 
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Z tte^M^JZ^ ? and f RPLC > M d * scribed ,n Experimental Section. (A, B. c» D, and E) button profiles tor the separation 

t£23S££ P lTZ pm[ *™ * a *«■ »rn«chanoe fraction (rrom an isocrarjc button step of a?0. ioa 

ro0o^ 7 ^^^^ 6 * ,Drt ^ cr peptide based protein idemiflcations for each ^ ste^a** 
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Cit reversed -phase column and separated by a linear gradient 
of acetonitrile (see the Experimental Section). Growth hormone 
was identified by five different peptides (T2, 8,1 1. IS. ind 18- 
1$) as well as the preliminary identification of over 200 other 
plasma proteins (data not shown). The improved sequence 
coverage or the Urge* protein hCH can be attributed to the 
better resolving power of the 2D chromatographic process, so 
that the mass spectrometer has a greater opportunity Co 
sequence low level peptides In the MS/MS analysis. Thus, one 
can see chat measurement of the dynamic range of an ion trap 
In such a complex analysis is partly dependent on the degree 
of preseparatJon of the peptide mixture. The degree of sequence 
coverage of the target protein could be improved by optfratea- 
tion of the 20 separation by either predictive studies or 
calibration of the separation with a digest of the target protein. 
In the separation shown in Figure 5, it can be seen that all of 
the identified peptides elate in jusi three of the five ion- 
ettChangB fractions. When compared with the gel preparative 
steps, the 2D HPLC method has the advantage of less sample 
manipulation, absence of gel artifacts, and losses on extrac- 
tion. 16 

In conclusion, these studies demonstrate that shotgun 
sequencing with LC/MS/MS is able to detect low-level plasma 
proteins despite the complexity of the sample. Although the 
presence of high-level proteins does reduce the ability to detect 
very minor components, such an analytical approach does offer 
simplicity and speed of analysis. This approach can also be 
viewed as showing some aspects of high throughput proteoinic 
analysis In that more than 200 proteins were identified in an 
8-h period with minimal sample preparation. This contrasts 
with the use of I- or ZD gels where a lengthy erne is required 
to run the gel. cut out the bands or spots, arid perform 
subsequent MS analysis and/or in approaches that refer on 
extensive immunoaffiniry depletion steps. It should be noted 
that the ID revetsed-pha$e HPLC step was used in all analyses 
(except for ZD HPLC) $o as to allow comparison of the 
efficiency of (he different sample purification protocols. Also 
the shotgun sequencing approach should be of use In the stucty 
of very low level samples, which are not readfly characterized 
irt-gel studies. 111 However; we believe the two approaches are 
complementary in thai the gel offers protein patterns, allows 
an archive of the sample, and provides additional quantitative 
information as weD as a visual record of the sample. 18 

This profeamic study can also serve as an example of 
targeted prorannice In which LC/MS/MS is directed at a 
specific protein or pathway. For example. Simpson et al_« used 
this approach to detect a low-level tumor marker. Such studies 
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can be forflftated by the identification of a specific or diagnostic 
peptide. 17 e<g M the K-termina] peptide ofhGH and the exploita- 
tion of its chromatographic and mass spectrometric properties. 
Previous studies have demonstrated that such targeting (mass 
selection) with selected Ion monitoring (SIM) can allow me 
characterization of a low level protein that is otherwise 
undetectable. 4 FUrthemore, we believe that such studies win 
have application in the development of novel therapeutics 
polypeptides via mechanistic or in metabolic studies. 
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